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ABSTRACT 

The t e n  l u n a r  e x p l o r a t i o n  sites recommended by 
t h e  GLEP S i t e  S e l e c t i o n  Subgroup have been  approved by t h e  
ASSB on J u l y  1 0 ,  1969 as a working set of si tes.  These 
i n c l u d e :  

A. 

B. 

C. 

D. 

E. 

Two l a n d i n g s  i n  mare materials 
S i t e  2 i n  o l d ,  Imbrian ( " e a s t e r n " )  mare 
S i t e  5 i n  young, E r a t o s t h e n i a n  ("wes tern")  mare 

Two l and ings  i n  r e g i o n a l  s t r a t i g r a p h i c  u n i t s  
Blanket  d e p o s i t s  of the Fra Mauro Formation 
The S u l p i c i u s  Gallus Formation a t  R i m a  Bode  I1 

Three l a n d i n g s  n e a r  or w i t h i n  impact  craters  
The no r thwes te rn  ejecta r i m  of crater Censor inus  
The n o r t h  r i m  of c ra te r  Tycho (Surveyor  V I 1  s i t e )  
The c e n t r a l  peaks of c ra te r  Copernicus 

C o n s t r u c t i o n a l  f e a t u r e s  of p robab le  v o l c a n i c  o r i g i n  
D o m e s  and cones i n  t h e  maria; Marius H i l l s  
Vo lcan ic  f e a t u r e s  i n  t h e  h igh lands ;  Descartes 

A s inuous  r i l l e  
R i m a  P r i n z  I 

/ 
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analyses 

phase of 
include : 

1. 

2. 

3 .  

4 .  

5. 

INTRODUCTION 

It is most important at this time to plan for the 
Apollo missions which will follow the first lunar landing by 
(1) selecting the sites and their alternates, ( 2 )  assigning 
a mission sequence, and ( 3 )  commencing the necessary site 

and mapping. 

Provided that there are 10 missions in the first 
manned lunar exploration, a set of sites should 

The two types of mare material, "eastern" or Imbrian 
(older) and ''western" or Eratosthenian (younger) 

/ Regional stratigraphic units such as blanket 
(ejecta) deposits around mare basins 

Various types and sizes of impact craters in 
maria and in highlands 

Morphological manifestations of volcanism in 
maria and in highlands 

Areas which may give clues to the nature and 
extent of processes, other than impact and 
volcanism, which may have acted upon the lunar 
surf ace. 

These requirements meet both the geological and 
geochemical objectives of the aforementioned phase of lunar 
exploration. The geophysical objectives require a specific 
mission assignment plan particularly for the construction of 
seismic networks. Other scientific objectives do not call 
for much that would contradict this rationalization. 

With these considerations in mind, and as a first 
step in planning for Apollo 11 to Apollo 20, a set of sites 
is proposed (Figure 1). Investigation of these sites would 
best meet the scientific requirements and achieve the ob- 
jectives of lunar exploration. The mission assignments were 
based largely on the geophysical requirements, i.e., the 
construction of geophysical networks (Figure 2). 
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DESCRIPTION OF THE SITES 

Following are brief descriptions of the ten sites 
which were recommended by the GLEP Site Selection Subgroup and 
tentatively accepted by the ASS3 on July 10, 1969 as a working set. 

1. Landing Site 2 (eastern mare) 

This site is located entirely within relatively old 
(Imbrian) mare material. There are many large sub- 
dued craters 200-600 m in diameter; the number of 
intermediate size craters 50-200 m in diameter is 
fewer than on younger mare material in other sites. 
This crater distribution is common on many apparently 
old surfaces including the Imbrian blanket (Fra 
Mauro Formation). 
of surficial debris in these areas of relatively 
old terrain so that intermediate size craters have 
an initially soft appearance and are rapidly 
destroyed. An alternative explanation is that a 
mantle of pyroclastics is present; some craters 
near the site may be volcanic and could be the 
source of the pyroclastics. Determination of the 
age and nature of mare material (Imbrian) is the 
prime object of a landing in this site; determi- 
nation of whether or not pyroclastics are present 
will have application to many other areas with similar 
crater populations. 

It may reflect a thicker layer 

2. Landing Site 5 (western mare)* 

This site is located within relatively young 
(Eratosthenian) mare material. In contrast to 
Landing site 2 ,  the area of this site displays a 
large number of intermediate size craters 50-200m 
in diameter and a small number of larger subdued 
craters 200-600m in diameter. The site is sur- 
rounded by well-developed ray clusters of the Kepler 
system. Small, weakly-developed crater clusters and 

Thus some material derived from depth at Kepler may 
be present in the surficial material and fine-scale 
textural details related to the Kepler rays may also 
be present. There are more resolvable blocks ( >  2nd 
around craters than in the three sites to the east 
(Landing sites 1, 2 and 3 )  suggesting that the 
surficial material is generally coarser grained. The 

liiieaiiients rad ia l  to Kepler O C C i i r  w i t h i n  the site. 

*The qeoloqy of both landing site 4 (near a Tycho ray) and 
landing site 6 ithe Flamsteed P ring) is comparable to that of 
site 5 arid hence both sites are considered alternates to site 5. 

I 
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chief goal of a landing in the site is deter- 
mination of the age and composition of the 
Eratosthenian mare material. 

3 .  Fra Mauro Formation 

The site of the Fra Mauro Formation is in an 
extensive geologic unit covering great portions of 
the lunar surface around Mare Imbrium. Therefore 
a mission to this site would result in an under- 
standing of the nature, composition, and origin 
of this widespread formation. The latter is inter- 
preted as ejecta from Imbrium. An alternative to 
the Fra Mauro Formation, although in somewhat 
different terrain (the Cayley Formation) , would 
be Hipparchus. 

4 .  Censorinus 

Censorinus is a 3 . 8  km probable impact crater located 
within, but near the edge, of a highland block south- 
southeast of Mare Tranquillitatis. The proposed 
landing site is to the north of the crater within 
the ejecta blanket and about 1 km from the rim. The 
site offers a unique opportunity to sample, early in 
the lunar exploration plan, both highland material 
and features associated with a fresh impact crater. 
Censorinus is large enough to exhibit clear signs 
of impact, but small enough to be investigated on 
a foot traverse. If operational constraints indi- 
cate the impossibility of landing on the Censorinus 
ejecta blanket, the site of Littrow (where a fresh 
wrinkle ridge meets the Serenitatis Bench and both 
are covered by dark mantling material) may be con- 
sidered for the fourth landing. 

5. Rima Bode I1 

Rima Bode I1 is a single linear rille which runs 
close to a fresh, elongate crater and a crater 
chain. Both the rille and the crater are possible 
sources of a number of dark geologic units most 
probably of volcanic origin. Therefore, the site 
was selected as an example of a volcanic region 
where it would be expected to sample deep seated 
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6. 

mater ia l .  The a l t e r n a t i v e  t o  t h i s  s i t e  i n  Hyginus 
which d i s p l a y s  very  s i m i l a r  c h a r a c t e r i s t i c s ,  b u t  i s  
less f resh-appear ing .  The a forement ioned  s i t e  o f  
L i t t r o w  would m e e t  p a r t  (sampling of t h e  S u l p i c i u s  
G a l l u s  Formation)  of t h e  o b j e c t i v e s  of a mis s ion  
t o  R i m a  Bode 11. 

Tycho ( r i m )  

Tycho i s  a l s o  a f r e s h  impact  c ra te r ,  i n  t h e  s o u t h e r n  
h igh lands .  However, it i s  much l a r g e r  t h a n  Censor inus  
( abou t  85 km i n  d i ame te r )  and t h u s  o f f e r s  an oppor- 
t u n i t y  o f  s t u d y i n g  t h e  many f e a t u r e s  common t o  l a rge ,  
f r e s h  impact  e v e n t s ,  i n c l u d i n g  a s s o c i a t e d  volcanism. 
The v i c i n i t y  o f  t h e  l a n d i n g  s i t e  o f  Surveyor  VI1 is  
t h e  proposed l and ing  si te.  I n  t h a t  area one e n c o u n t e r s  
several g e n e r a t i o n s  o f  f lows ,  a pond or  p o o l ,  ejected 
b l o c k s  (p robab ly  from Tycho) ,  o t h e r  e jecta  f e a t u r e s  
and s t r u c t u r e s ,  and l a s t  b u t  n o t  l ea s t  t h e  Surveyor  VI1 
s p a c e c r a f t .  

7. Copernicus (peak)  

The crater Copernicus is  a b r i g h t  r ayed  crater ,  up t o  
95 km i n  d i a m e t e r ,  whose v i s i b l e  r a d i a l  r a y s  s p r e a d  
o u t  d i s t a n c e s  o f  s e v e r a l  hundred k i l o m e t e r s .  The w a l l s  
of t h e  crater Copernicus expose a ve r t i ca l  s e c t i o n  o f  
abou t  4 km of  t h e  l u n a r  c r u s t .  The f l o o r ,  60 km i n  
d i a m e t e r ,  is n e a r l y  c i r c u l a r ,  and c o n t a i n s  a small ,  
almost c e n t r a l ,  m u l t i p l e  peak ,  w i t h  large masses t o  
t h e  eas t  and t h e  w e s t ,  where t h e  h i g h e s t  peak rises 
800 m e t e r s .  These peaks may have b rough t  t o  t h e  s u r -  
face mater ia l  t h a t  once l a y  a t  c o n s i d e r a b l e  dep th .  
A m i s s i o n  t o  t h e  central  peaks would be mainly a 
sampl ing  m i s s i o n ,  w i t h  s o m e  emphasis on s t r u c t u r a l  
r e l a t i o n s h i p s .  Samples o f  large b l o c k s  on t h e  peaks ,  
o f  t h e  f l o o r  m a t e r i a l ,  and o f  t h e  mounds on t h e  f l o o r  
would be of  s i g n i f i c a n c e  t o  t h e  geochemis t ry  o f  t h e  
moon. 

8 .  Marius H i l l s  

The Marius : I i l l s  are domes and cones n e a r  t h e  c e n t e r  
o f  Oceanus Proce l la rum,  and wes t -nor thwes t  of t h e  
crater Marius ,  where isolated h i l l s  and c l u s t e r s  o f  
h i l l s  rise above t h e  m a r e  s u r f a c e  and form p a r t  o f  
a major no r th - sou th  median r idge sys t em tha t  s t r e t c h e s  
i r r e g u l a r l y  f o r  some 1900 km through Oceanus Proce l la rum.  
p any of t h e  h i l l s  e x h i b i t  t h e  convex upward shapes  sug- 
gest ive of terrestr ia l  l a c c o l i t h i c  i n s t r u s i o n s ;  and some 
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resemble t e r r e s t r i a l  s h i e l d  volcanos .  The v a r i e t y  
of t h e s e  f e a t u r e s  and t h e i r  s i m i l a r i t y  t o  terres- 
t r i a l  v o l c a n i c  s t r u c t u r e s  s t r o n g l y  s u g g e s t s  t h a t  
t h e  area has  been s u b j e c t e d  t o  i n t e n s i v e  and pro- 
longed v o l c a n i c  a c t i v i t i e s .  

9 .  Descartes 

The a r e a  of t h e  southern  h igh lands  n o r t h  of t h e  
crater Descar tes  i s  c h a r a c t e r i z e d  by h i l l y ,  groovy, 
and furrowed deposits.  I t  i s  bound on t h e  w e s t  by 
a h i l l y  and p i t t e d  s t r a t i g r a p h i c  u n i t  and on t h e  
east  by rugged h i l l s  which bound Mare Nectaris. 
The Descartes reg ion ,  which i s  ve ry  s imi l a r  t o  an 
area t o  t h e  w e s t  and nor thwes t  of Mare Humorum, 
i s  thought  t o  inc lude  a d i s t i n c t i v e  p a t t e r n  of mor- 
p h o l o g i c a l  m a n i f e s t a t i o n s  of volcanism i n  t h e  l u n a r  
terrae. Many of t h e  e l o n g a t e  grooves and furrows are 
r emin i scen t  of t e r res t r ia l  volcanos .  I t  i s  b e l i e v e d  
t h a t  a miss ion  t o  a r e g i o n  of i n t e n s i v e  and prolonged 
volcanism w i t h i n  t h e  l u n a r  terrae i s  m o s t  impor t an t ,  
from both t h e  g e o l o g i c a l  and geochemical viewpoints .  
An a l t e r n a t i v e  t o  t h i s  s i t e  would b e  t h a t  of Abulfeda. 

1 0 .  R i m a  P r i n z  I 

The Harbinger  Mountains r e g i o n  of t h e  moon i n c l u d e s  
numerous s inuous  r i l les and a s s o c i a t e d  m a t e r i a l s .  
The l o n g e s t  and, most probably ,  t h e  youngest  of t h e  
s inuous  r i l les  i n  t h i s  a r e a  i s  R i m a  P r i n z  I. The 
l a t t e r  i s  a double s inuous  r i l l e ,  i . e . ,  a s m a l l  
meandering r i l l e  i s  enc losed  w i t h i n  a l a r g e r  s inuous  
r i l l e .  Sinuous r i l les have aroused  c o n s i d e r a b l e  
i n t e r e s t  because of t h e  i m p l i c a t i o n s  of t h e  mode of 
t h e i r  format ion  t o  t h e  o r i g i n  of t h e  moon and i t s  
h i s t o r y .  To s tudy  a s inuous  r i l l e ,  one must g e t  
down t o  the v a l l e y  f l o o r  t o  sample t h e  m a t e r i a l  
and examine t h e  d i sp layed  s t r u c t u r e s .  R i m a  P r i n z  I 
w a s  selected because of t h e  f r e s h n e s s  of i t s  detai ls .  
A l a n d i n g  n e a r  t h e  mouth or t e rminus  of t he  r i l l e  
would a l l o w  an examination o f  t h e  l o w e r  p a r t  of 
t h e  eroded v a l l e y .  T h e  a l t e r n a t i v e  t o  R i m a  P r i n z  I 
i s  S c h r o t e r ' s  Valley which d i s p l a y s  very  s imi l a r  
c h a r a c t e r i s t i c s ,  b u t  appears  older t h a n  R i m a  P r i n z  I. 

The l as t  t h r e e  s i t e s  (Marius H i l l s ,  Descartes, and 
R i m a  P r i n z  I)  i n c l u d e  a r e a s  where m o b i l i t y  a i d s  would be o f  
t h e  m o s t  service. I t  is assumed t h a t  a manned LRV would be 
developed for u t i l i z a t i o n  i n  these t h r e e  miss ions .  
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The c o o r d i n a t e s  of  the l a n d i n g  p o i n t s  i n  t h e  t e n  
si tes are given  i n  Table I. These should  s e r v e  as guidance 
p o i n t s  f o r  t r a j e c t o r y  s t u d i e s ,  s i te  a n a l y s e s ,  g e o l o g i c  mapping, 
etc. 

The O r b i t e r  h i g h  r e s o l u t i o n  coverage of t h e  t e n  si tes 
is  g iven  i n  T a b l e  11. Photographic  requi rements  should  be con- 
s i d e r e d  a t  an  e a r l y  d a t e  t o  e i t h e r  o b t a i n  h igh  r e s o l u t i o n  photo- 
g r a p h i c  coverage where needed, o r  select  o t h e r  s i tes i f  t h a t  is 
n o t  p o s s i b l e .  

2015-FEB-acm 

Attachments 
F i g u r e s  1 and 2 
Tables  I and I1 
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